Sleep is a fundamental biological process that plays a critical role in the maintenance of mental and physical health. Insufficient or low quality sleep has been consistently associated with adverse health outcomes including pre-disease markers of physiologic dysregulation such as inflammation (Patel et al., 2009) , glucose metabolism (Morselli, Leproult, Balbo, & Spiegel, 2010) , and hypothalamic-pituitary-adrenal axis functioning (Spiegel, Leproult, & Van Cauter, 1999 ). Sleep problems have also been linked with increased disease risk, including for cancer (Verkasalo et al., 2005) , diabetes (Knutson, 2010) , and heart disease (Cappuccio, Cooper, D'Elia, Strazzullo, & Miller, 2011) , as well as life expectancy and mortality (Gallicchio & Kalesan, 2009 ). Furthermore, mounting evidence suggests that sleep is a consequential mediator of established associations between social/physical environment factors and health (Watson et al., 2015) . With respect to mental health and psychosocial functioning, insufficient sleep has been heavily associated with negative mood states (Minkel et al., 2012) , decreased ability to regulate thoughts and behaviors (Shochat, Cohen-Zion, & Tzischinsky, 2014) , and diminished productivity and learning (Belenky et al., 2003) . All told, sleep problems are a significant impediment to health and well-being, which collectively, in the United States alone, carries an economic burden of hundreds of billions of dollars each year (Institute of Medicine (US)
Committee on Sleep Medicine and Research, 2006) .
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NEIGHBORHOODS AND SLEEP 4 These differences have been documented using self-reported data and studies using objective measures, which have generally found larger racial disparities (Grandner et al., 2016; Petrov & Lichstein, 2015) . Furthermore, prior findings indicate that race differences in sleep are partially accounted for, but endure after measures of socioeconomic status (SES) are controlled (Grandner et al., 2013 (Grandner et al., , 2016 Whinnery, Jackson, Rattanaumpawan, & Grandner, 2014) .
Beyond SES, the mechanisms for race differences in sleep are not well understood and analyses considering life course determinants of group differences are profoundly needed (Grandner et al., 2016; Laposky, Van Cauter, & Diez-Roux, 2016; Petrov & Lichstein, 2015) .
Possible candidate mechanisms include discrimination (Fuller-Rowell, Curtis, El-Sheikh, et al., In Press; Slopen, Lewis, & Williams, 2016) , chronic stress (De Lange et al., 2009 ), health behaviors (Strine & Chapman, 2005) , and exposure to environmental toxins (Kordas et al., 2007) . Neighborhood contexts represent an additional candidate mechanism, likely to operate through a range of individual-level variables (DeSantis et al., 2013; Hale et al., 2013; Hill, Trinh, Wen, & Hale, 2016) . For example, living in a disadvantaged neighborhood with higher crime rates, less access to healthy food, and greater exposure to toxins has been associated with higher rates of obesity, stress, and physiologic dysregulation (Diez Roux & Mair, 2010) ; all of these conditions have been associated with low sleep quality (Juster & McEwen, 2015; McEwen & Karatsoreos, 2015; Taheri, Lin, Austin, Young, & Mignot, 2004) . Furthermore, more ambient noise in disadvantaged neighborhoods has also been linked to obesity, psychological distress, and sleep problems (Burdette & Hill, 2008; Hill, Burdette, & Hale, 2009) . Neighborhood location and, therefore, availability of health-promoting resources such as parks and community centers, may M A N U S C R I P T
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NEIGHBORHOODS AND SLEEP 5 influence physical activity and psychosocial factors related to sleep quality (Kredlow, Capozzoli, Hearon, Calkins, & Otto, 2015) .
A large number of studies have indicated that, on the whole, AAs live in far less advantaged neighborhoods than EAs (Fuller-Rowell, Curtis, Klebanov, Brooks-Gunn, & Evans, In Press; Osypuk, Galea, McArdle, & Acevedo-Garcia, 2009; Rossen, 2013; Roux et al., 2001 ).
The historical factors underlying race differences in neighborhood quality (eg, discriminatory policies) are well understood (Coates, 2014) , as are the related processes of stigma and racism that have played a role in creating and sustaining neighborhood segregation (Massey, 2007) . Of note, racial differences in neighborhood quality are substantial even after accounting for individual-level socioeconomic variables (Roux et al., 2001; Sharkey, 2014) . One recent study found that AA families making upwards of $100,000 typically live in the kinds of neighborhoods inhabited by EA families making $30,000 or less (Sharkey, 2014) . Furthermore, although neighborhood factors generally account for a portion of the association between family socioeconomic status and health outcomes, each of these variables have been found to exert independent effects on health and often account for unique variance in racial health disparities (Chen & Paterson, 2006; Fuller-Rowell, Curtis, Klebanov, et al., In Press; Robert, 1998; Roux et al., 2001) .
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NEIGHBORHOODS AND SLEEP 6 duration (Pabayo, Molnar, Street, & Kawachi, 2014; Watson et al., 2016) , and another showed links to sleep efficiency (Bagley, Fuller-Rowell, Saini, Philbrook, & El-Sheikh, in press ).
Whether neighborhood disadvantage might account for racial disparities in sleep between AAs and EAs has not, to our knowledge, been previously examined. In addition, the degree to which mental health, health behaviors, and obesity might account for neighborhood effects on sleep have rarely been considered. This omission is notable, given established links between these health factors and neighborhood context (Brenner, Roux, Barrientos-Gutierrez, & Borrell, 2015; Karriker-Jaffe, Liu, & Johnson, 2016; Ludwig et al., 2011; Ranchod, Roux, Evenson, Sánchez, & Moore, 2013) and sleep (Cappuccio, Taggart, Kandala, Currie, & et al, 2008; Garcia & Salloum, 2015; McClain, Lewin, Laposky, Kahle, & Berrigan, 2014) .
The overarching hypotheses of this study were that (1) AAs would obtain shorter and more disrupted sleep (measured objectively) than EAs, (2) neighborhood disadvantage (measured objectively) would be associated with sleep parameters net of family-level socioeconomic status and other demographic factors, and (3) neighborhood disadvantage would partially account for racial disparities in sleep. Lastly (4), we hypothesized that neighborhood effects on sleep would be partially attenuated after adjusting for measures of health behaviors, obesity, and depression.
Data and Sample

Methods
Analyses draw on data from the Midlife in the United States (MIDUS) Study (Brim, Ryff, & Kessler, 2004; Love, Seeman, Weinstein, & Ryff, 2010) . MIDUS is a national study of health and aging begun in 1995 with 7000 non-institutionalized adults from the 48 contiguous states (Brim et al., 2004; Radler & Ryff, 2010) racial disparities in health (Slopen et al., 2012 (Brody et al., 2001; Pabayo, Belsky, Gauvin, & Curtis, 2011; Pabayo et al., 2014; Ross & Mirowsky, 2001 ).
Population Density. Using established methods, population density was calculated from census data as the population per square mile at the tract level (Sampson & Raudenbush, 1999) .
This variable was then coded on a 20-point scale (using quantiles) ranging from less than 21 to greater than 10600 persons per square mile. The reason for coding into 20 quantiles was to meet requirements for protecting participant confidentiality while also maintaining meaningful variance in the data. Population density was included as a covariate in all models.
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Health behaviors. Cigarette smoking, alcohol consumption, and physical activity were assessed via self-report. Smoker status was assessed in the MIDUS II survey and was dichotomously coded (1 = current smoker, 0 = nonsmoker). Alcohol consumption and physical activity were reported each night in daily sleep diaries. Alcohol consumption was measured as, "How many alcoholic drinks did you have today?" with information for participants that one drink is equivalent to one bottle of beer or wine cooler, one glass of wine, or one shot of liquor.
Due to known dose-response associations between alcohol use and sleep parameters (Ebrahim, Shapiro, Williams, & Fenwick, 2013) , alcohol consumption was coded as the average number of drinks per day across the seven-day sleep study. Physical activity was assessed using the following item, "How many minutes of moderate or vigorous exercise did you get today?", and coded as the average number of minutes reported per day. Although using a single item offers a coarse measure of physical activity, it is likely to have high validity due to the short recall period and its repeated measurement (Sallis & Saelens, 2000) .
Body mass index.
Nursing staff collected measurements of weight and height as part of the biomarker protocol, the week prior to the sleep assessment. Body mass index (BMI) was calculated using the standard formula: weight (kg)/height (m) 2 .
Depression. Depressive symptoms were assessed using the Center for Epidemiologic
Studies Depression Scale (CES-D; Radloff, 1977) Sociodemographic covariates. Controls included sex (coded as 0=female, 1=male), age (in years), race (0=White, 1=Black and/or African American), cohabitation status (1=married or living with partner, 0=else), household income, and educational attainment. Total household income was calculated from a series of items that assessed wages, pension, social security, and government assistance for all household members (Friedman & Herd, 2010) . Education was reported using a twelve-item categorical scale that was coded into dichotomous variables representing high school degree or less (reference category), some college attendance, and fouryear college degree or greater.
Analysis Plan
Multilevel models were estimated in Mplus Version 7.4 to examine neighborhood influences on sleep (Muthén & Muthén, 2013) . The use of multilevel modeling is necessary to account for clustering of individuals within neighborhoods and to correctly estimate standard errors of neighborhood variables. Consistent with established guidelines (Raudenbush & Bryk, 2002) , two-level models were used in which individuals (level 1) were nested within neighborhood census tracts (level 2). Participants were from 307 tracts (AAs from 23 and EAs from 284). Due to the city-specific recruitment of AA participants in Milwaukee, AAs were clustered in more densely populated neighborhoods, while EAs were distributed more broadly across the Midwestern region in both metro and non-metro areas. This reflects the MIDUS sampling strategy, but is also largely consistent with the racial demographics of the region (Murray, Kulkarni, & Ezzati, 2005) . Missing data on predictor variables were handled using Full
Information Maximum Likelihood (FIML) estimation, a robust missing data approach which uses all available data while also providing unbiased standard errors (Enders, 2010) . Of the 426 individuals included in analyses, 3% had missing data for physical activity, 2% for alcohol use, and less than 1% for all other variables considered.
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Initial empty models were used to estimate the proportion of variance in each sleep outcome at level 1 and level 2. A series of models was then estimated for each sleep outcome, respectively (sleep minutes, latency, WASO). Model 1 estimated the magnitude of race differences in sleep controlling for age, sex, cohabitation, income, education, and use of a sleep aid (H1). Because AAs were more likely to live in urban areas, Model 1 and all subsequent models controlled for population density. This ensured that neighborhood effects on sleep were not confounded by population density. Model 2 added neighborhood disadvantage to consider associations with sleep and the degree to which racial disparities were attenuated (H2, H3). As an illustration, the Model 2 equation used to consider neighborhood disadvantage as a predictor of WASO was as follows:
The subscript j is for neighborhood census tracts and i is for individuals. In the level 1 equation, β0j is the intercept, β1-β8 are the level 1 regression coefficients for each of the controls, and rij is the residual error term. The level 2 equation then shows that the intercept, β0j, is allowed to vary across neighborhoods, u0j, and as a function of neighborhood economic deprivation, γ01, and population density, γ02. The combined model therefore estimates sleep minutes for individual i in neighborhood j as a function of neighborhood disadvantage, while also accounting for the effects of individual-and neighborhood-level variables and the clustering of individuals within neighborhoods.
Two further models (Models 3 and 4) were estimated to consider additional control variables expected to attenuate race differences or neighborhood effects (H4): Model 3 adjusted M A N U S C R I P T
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NEIGHBORHOODS AND SLEEP 13 for health behaviors (alcohol consumption, current smoking status, and moderate/vigorous physical activity) and BMI, and Model 4 added depressive symptoms. Sensitivity analyses were conducted to consider all model results when population density was not included as a control.
Findings from these models showed the same pattern of results and inference as those reported.
Unstandardized parameter estimates and standard errors are reported in Table 2 for all models, and 95% confidence intervals (CIs) and exact p-values are reported in the text.
Results
Preliminary Analyses
Initial descriptive analyses indicated substantial race differences in sleep indicators ( Table 2 ). In particular, AA adults obtained less total sleep (B = - (Table 2 ). In order to formally test mediation using established methods (Preacher, Zyphur, & Zhang, 2010 
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Discussion
Understanding mechanisms for racial health disparities is an essential component of broader efforts to achieve health equity and improve population health (Koh, 2010) . However, studies identifying social determinants of racial disparities in sleep are scarce (Grandner et al., 2016; Petrov & Lichstein, 2015) , despite widely documented race differences in both neighborhood quality and sleep problems. The principle aim of this study was to bring together these two literatures by examining associations between neighborhood disadvantage and sleep and considering the degree to which neighborhood disadvantage accounted for sleep disparities. disadvantage accounted for a substantial portion of race differences in WASO, attenuating racial disparities in this sleep parameter by 24%. To our knowledge, this is the first study to show that race differences in objectively measured sleep are partly accounted for by neighborhood disadvantage. Results therefore indicate that, with respect to race disparities in sleep, neighborhoods are a consequential factor. These findings also converge with other studies of neighborhood influences on health, to underscore that the racial differences in neighborhood environments must be viewed as essential for addressing and mitigating racial health disparities (Massey, 2007; Sharkey, 2013) .
Limited prior research has studied objective neighborhood influences on sleep. Bagley, Fuller-Rowell, et al. ( in press), demonstrate that neighborhood disadvantage predicts sleep efficiency among adolescents, and the current study extends these findings to show a similar association in an adult sample. Our finding that neighborhood disadvantage was not associated with sleep minutes is, however, consistent with the prior finding that objective neighborhood measures are associated with actigraphy assessments of sleep minutes among adolescents (Bagley et al., in press ) and measures of sleep duration among adults (Pabayo et al., 2014; Watson et al., 2016) . The reason for nonsignificant effects on sleep minutes in the current study is unclear;
however, because sleep duration and quality provide different information about an individual's sleep, it is not atypical to have significant findings for sleep fragmentation (low efficiency and wake episodes) and not duration (or smaller effects for duration). For example, in Bagley et al. Although BMI and health behaviors accounted for a small portion of neighborhood effects (9%), the association between neighborhood disadvantage and waking episodes was largely independent of these variables, suggesting that other pathways relating to psychosocial stress or the physical environment may be at play. One important future direction will be to consider how neighborhood environments get under the skin to influence sleep and sleep disparities. Possible avenues for such inquiry include perceptions of safety, social cohesion, or exposure to toxins (Evans & Kantrowitz, 2002; Hill et al., 2016; Kim, Subramanian, & Kawachi, 2008) . For example, factors related to the physical environment (eg, noise) as well as the social environment (eg, presence of crime) are specific pathways that may further elucidate the relationship between neighborhood disadvantage and sleep. In addition, in light of longstanding antagonistic relationships between law enforcement and disadvantaged communities of color-an issue which has been more fully exposed in recent years-finding ways to quantify policing practices at the neighborhood level and consider associations with sleep and other health outcomes for minority residents may be another important area of inquiry. Furthermore, understanding how racismrelated stresses and subsequent hyper-vigilance may interact with neighborhood environment factors to adversely impact sleep outcomes will also be crucial.
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Limitations
There are several noteworthy limitations in this study. One caveat is the use of a cityspecific sample of AA participants, while the EA sample was more broadly distributed across the region. Use of different sampling strategies raises questions related to comparability and generalizability, and will also give credence to potential confounders (ie, population density).
Analyses were considered with population density as a control (shown) and without population density (not shown). Findings did not support the notion that race differences in sleep were accounted for by population density, and are therefore consistent with our interpretation that neighborhood disadvantage (not population density) is responsible for some of the racial disparity in sleep. Furthermore, it should be noted that the sampling strategy ensured participation of a substantial number of AAs and reflects the demographics of the region; specifically, the majority of AAs in the region tend to reside in urban areas, while EAs are more likely to inhabit rural and suburban locations. Nonetheless, additional research with larger and more randomly obtained samples will be needed to establish the generalizability of our findings.
Another caveat is that the broader MIDUS study did not sample by census tract, meaning there were relatively few individuals (level 1 units) per cluster (level 2 unit). Simulation studies considering the influence of clustering and sample size on parameter estimates in multilevel models indicate that level 2 variance components may be inflated with very few units per cluster (Clarke & Wheaton, 2007) . However, fixed effect (β) estimates and their standard errors are robust to these variations in clustering, even with a small number of units per cluster and a sizable portion of clusters with only one unit (Clarke & Wheaton, 2007; Maas & Hox, 2004 .
Furthermore, in datasets with a large number of clusters (>100), confidence in parameter estimates is bolstered (Maas & Hox, 2004 . Overall, the methodological literature on M A N U S C R I P T
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A third limitation relates to the census tract measures of neighborhood disadvantage.
Although the objective nature of these measures is a notable strength, census tract boundaries do not always map well onto an individuals' lived experience of their neighborhood. Furthermore, important additional information is likely to be captured by subjective self-report measures of neighborhood characteristics (Weden, Carpiano, & Robert, 2008) . Future work which codes observed characteristics of neighborhoods (eg, street view data) and incorporates other neighborhood measures (eg, walkability, ambient noise, crime rates, perceptions of neighborhood safety and chaos) is therefore needed to identify additional consequential neighborhood characteristics not captured by census tract measures. Building on existing work (Hill & Maimon, 2013) , studies considering the degree to which effects of census tract neighborhood measures on sleep may operate through subjective perceptions and other objective measures of neighborhood environments are also warranted.
Despite these limitations, findings suggest that neighborhood factors contribute to and may partially explain racial disparities in waking episodes-an important indicator of sleep efficiency with robust links to subsequent health and well-being. Addressing race differences in neighborhood disadvantage and mitigating its effects on sleep are therefore both likely to be important targets in efforts to reduce racial health disparities. Note. Unstandardized parameter estimates and standard errors are shown. Units of the outcome are minutes spent awake between sleep onset and rise time. *** p < .001. ** p < .01. * p < .05.
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